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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Historical Background of Membrane Technology 
 
 
The word membrane comes from Latin word ‘membrana’ that means a skin 
of parchment (Jones, 1997).  Besides, it can also be defined basically as a barrier, 
which separates two phases and restricts transport of various chemicals in a selective 
manner.  A membrane can be homogenous or heterogeneous, symmetric or 
asymmetric in structure, solid or liquid (Paul and Yampol’Skii, 1994).  Today, the 
word ‘membrane’ has been extended to describe a thin flexible sheet or film, acting 
as a selective boundary between two phases because of its semi-permeable properties 
(Lonsdale, 1982).  Membrane’s function is as a separation agent that is very selective 
based on the difference of diffusivity coefficient, electric current or solubility.  A 
typical schematic diagram of simple membrane separation process is shown in Figure 
1.1 (Koros, 1995). 
 
 
Systematic studies of membrane phenomena can be traced to the 18th century 
philosopher scientists.  Abbe Nolet coined the word osmosis to describe permeation 
of water through a diaphragm in 1748.  Through the 19th and early 20th centuries, 
membranes had no industrial or commercial uses but were used as laboratory tools to 
develop physical and chemical theories.  For example, the measurements of solution  
osmotic pressure made with membranes by Traube and Pfeffer was used by van’t 
Hoff in 1887 to develop his limit law, which explains the behavior of ideal dilute 
solution and this work led directly to the van’t Hoff equation.  At about the same  
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Figure 1.1: Basic of membrane separation process 
 
 
time, Maxwell and others used the concept of a perfectly selective semi-permeable 
membrane in developing the kinetic theory of gases. 
 
 
Early membrane researchers experimented with every type of diaphragm 
available to them such as bladders of pigs, cattle, fish and sausage casings made of 
animal gut.  Then, collodion (nitrocellulose) membrane was preferred because they 
could be made reproducibly.  In 1907, Bechhold discovered a technique to prepare 
nitrocellulose membranes of graded pore size, which he determined by a bubble test 
(Baker, 2000).  Then, the other early investigators such as Elford, Zsigmondy and 
Bachman, and Ferry improved on Bechhold’s technique and by the early 1930s 
microporous collodion membranes were commercially available (Baker, 2000).  
After 20 years, this early microfiltration membrane technology was expanded to 
other polymers, notably cellulose acetate.  The first significant application of 
membrane is in the testing of drinking water at the end of World War II.  Drinking 
water supplies serving large communities in Germany and elsewhere in Europe had 
broken down and filters to test for water safety were needed urgently.  Research has 
been done to develop these filters, sponsored by the U.S Army and was later 
exploited by Millipore Corporation, the first and still the largest U.S microfiltration 
membrane producer. 
 
 
 By 1960, the elements of modern membrane science had been developed but 
membranes were still used in a few laboratories and for small, and specialized 
industrial applications.  No significant membrane industry existed, and total annual 
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sales of membranes for all industrial applications probably did not exceed $20 
million in 1998 dollars.  Membranes suffered from four major problems that 
prohibited their widespread use as a separation process.  They were too unreliable, 
too slow, too unselective and too expensive.  Solutions to each of these problems 
have been developed during the last 30 years and membrane-based separation 
processes are now commonplace. 
 
 
The important discovery and development of membrane that transformed 
membrane separation from a laboratory technique to an industrial process was found 
in the early 1960s.  Loeb and Sourirajan found the process for making defect-free, 
high-flux, anisotropic reverse osmosis membrane and this technique was known as 
Loeb-Sourirajan process (Loeb and Sourirajan, 1962).  These membranes consist of 
an ultra-thin, selective surface film on a much thicker but more permeable 
microporous support, which provides the mechanical strength.  The flux of the first 
Loeb-Sourirajan reverse osmosis membrane was 10 times higher than that of any 
membrane then available and made reverse osmosis a potentially practical method of 
desalting water.  The work of Loeb and Sourirajan and the timely infusion of large 
sums of research and development dollars from U.S Department of Interior, Office of 
Saline Water (OSW), resulted in the commercialization of reverse osmosis and was a 
major factor in the development of ultrafiltration and microfiltration.  The 
development of electrodialysis was also aided by OSW funding. 
 
 
Concurrent with the development of these industrial applications of 
membranes was the independent development of membranes for medical separation 
processes, in particular the artificial kidney.  In 1945, Kolf and Berk (Baker, 2000) 
had demonstrated the first successful artificial kidney in The Netherlands.  It took 
almost 20 years to refine the technology for use on a large scale but these 
developments were completed by the early 1960’s.  Since then, the use of 
membranes in artificial organs has become a major lifesaving procedure.  More than 
800,000 people are now sustained by artificial organs such as by artificial kidneys 
and further million people undergo open-heart surgery each year, a procedure made 
possible by the development of the membrane blood oxygenator. The sales of these 
devices comfortably exceed the total industrial membrane separation market.  
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Another important medical application of membranes is for controlled drug delivery 
systems.  A key figure in this area was Alex Zaffaroni who founded Alza, a company 
dedicated to developing these products in 1966.  The membrane techniques 
developed by Alza and its competitors are widely used in the pharmaceutical 
industry to improve the efficiency and safety of drug delivery.  
 
 
    The period from 1960 to 1980 produced a significant change in the status 
of membrane technology.  Building on the original Loeb-Sourirajan technique, other 
membrane formation processes including interfacial polymerization and multilayer 
composite casting and coating were developed for making high performance 
membranes.  Using these processes, membranes with selective layers as thin as 0.1 
µm or less are now being produced by a number of companies.  Methods of 
packaging membranes into large membrane area such as spiral wound, hollow fiber, 
capillary and plate and frame modules were also developed and advanced in order to 
improve membrane stability.  By 1980, microfiltration, ultrafiltration, reverse 
osmosis and electrodialysis were all established processes with large plants installed 
worldwide. 
 
 
The principal milestone in the 1980s was the emergence of industrial 
membrane gas separation processes.  The first major development was due to the 
Monsanto Prism® membrane for hydrogen separation, introduced in 1980 (Henis and 
Tripodi, 1980).  Within a few years, Dow was producing systems to separate carbon 
dioxide from natural gas.  Gas separation technology is evolving and expanding 
rapidly and further substantial growth will be seen in the coming years.  Another 
advance in the 1980s was the introduction by GFT, a small German engineering 
company of the first commercial pervaporation systems for dehydration of alcohol. 
GFT has now sold more than 100 plants.  Many of these plants are small but the 
technology has been demonstrated and other pervaporation applications are now at 
the pilot plant stage. 
 
 
 Nowadays, membranes have gained an important place in chemical 
technology and are used in a broad range of applications.  The key property that is 
exploited is the ability of a membrane to control the permeation rate of a chemical 
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species through the membrane.  In controlled drug delivery, the goal is to moderate 
the permeation rate of a drug from reservoir to the body while in separation 
applications, the goal is to allow one component of a mixture to permeate the 
membrane freely and hindering permeation of other components at the same time.  
 
 
 
  
1.2 Problem Statement 
 
 
One of the important goals in membrane technology is to control membrane 
structure and thus membrane performance (flux and rejection).  Membrane with 
higher flux leads to higher productivity and lower capital costs whereas membrane 
with higher rejection leads to higher recovery and lower power costs.  This objective 
is not easy to achieve because membrane structure and performance depend upon 
different factors like polymer choice, composition and temperature of coagulant and 
dope solution among others (Torrestiana-Sanchez et al., 1999).  Furthermore, by 
changing one or more of these variables, which are dependent on each other 
membrane structure can be affected quite significantly.  The main task in optimal 
design of membrane processes is to ensure maximum permeate flow while having 
maximum solute rejection, with minimum capital and operating cost.  Thus, it is 
desirable to have a membrane lifetime as long as possible.  Membrane lifetime and 
permeate fluxes are primarily affected by the phenomena of concentration 
polarization (solute build-up) and fouling (microbial adhesion, gel layer formation 
and solute adhesion) at the membrane surface (Khulbe et al., 2000).  Concentration 
polarization and fouling can reduce the flux and the separation performance of the 
membrane itself.  Therefore, membrane lifetime may be enhanced through the use of 
spacers between the membranes.  Beside that, backflushing technique with high 
pressure is required to ensure the separation performance back at normal mode. 
Hence, more energy consumption will be needed.   
 
 
Most of the early membranes were limited for commercial applications due to 
a lack of productivity, because membranes had to be relatively thick and dense to 
avoid irregularities on membrane surface that caused a dramatic loss in selectivity 
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(Geankoplis, 1995).  During the last 30 years, membrane researchers have focused on 
aspects such as composition and temperature of dope solution, length and humidity 
of the airgap, dope extrusion rate, composition and temperature of external coagulant 
and relative exchange rate between the solvent and coagulant at the inner and outer 
surfaces of nascent fiber during hollow fiber spinning in order to obtain hollow fiber 
membranes with high performance (Qin et al., 2000).  In 1986, East and his co-
worker reported that air gap length and spinning temperature had no effect on 
permeation rate and selectivity whereas increase of draw ratio in the air gap resulted 
in reduced permeability (East et al., 1986).  However, Chung and Hu (1997), Aptel et 
al. (1985) and Ekiner and Vassilatos (1990) reported that the increase in air gap 
value will result in reduction of permeability but the selectivity was increased.  Their 
view is being shared by Liu et al. (1992).  They reported that the average pore size 
on polysulfone/polyethersulfone membrane surface in the bore decreased with an 
increased in the length of the air gap from 30 to 200 cm.  This is because the nascent 
fiber was stretched and elongated by its own weight and the polymer aggregates 
moved closer together and rearranged themselves into a state of greater stability. 
Similarly, Miao et al. (1996) demonstrated that PEG separation increased or the 
average pore size on the bore surface of polyethersulfone hollow fiber ultrafiltration 
membrane decreased when the air gap length increased from 50 to 120 cm.   
 
 
 In case of shear-induced molecular orientation during hollow fiber formation, 
Chung et al. (2000a; 2000b), and Qin et al. (2000) have investigated the effect of 
shear stress within the spinneret on morphology and properties of hollow fiber 
membranes for liquid and gas separation.  Their results suggested that the hollow 
fiber membranes spun with enhanced shear had a lower flux but higher separation 
due to the greater molecular orientation induced in the high-sheared fibers.  Later, 
Qin et al. (2001) conducted an experiment in order to study the effect of wet and dry-
jet wet spinning on the shear-induced molecular orientation during the formation of 
ultrafiltration hollow fiber membranes.  Experimental results showed that pure water 
flux of the wet spun fibers is lower than that of the dry-jet spun fibers, but separation 
performance of the wet spun fibers is higher.  The results indicated that the wet spun 
fiber has smaller pore and/or a denser skin than the dry-jet wet spun fibers.   
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On the other hand, it is believed that bore fluid has an extraordinary influence 
on the formation of selective skin layer.  The bore fluid must provide a highly open 
circular lumen on the inside of the hollow fiber without affecting the dry/wet phase 
separation processes occurring at the outside surface.  In order to obtain a circular 
lumen on the inside of hollow fiber, it is believed that bore fluids having low water 
activity should be employed.  Therefore, Pesek and Koros (1994) investigated the 
influence of water activity in bore fluid on the separation performance of asymmetric 
polysulfone hollow fiber membrane.  They employed both dimethylacetamide/water 
and potassium acetate/water mixtures as bore fluids to control mass transfer of 
solvents and non-solvents at the fiber bore.  In case of potassium acetate/water as a 
bore fluid, they showed that by decreasing water activity, the selectivity of 
membrane is increased.  The same trend was also observed in the case of bore fluid 
of dimethylacetamide/water mixture.  Thus, they concluded that the permeation 
properties of hollow fiber appear to be dependent only on the water activity of the 
bore fluid and independent of the type of bore fluid.  This view was also agreed by 
Ismail et al. (1999).  They suggested that lowering the bore fluid coagulation strength 
is necessary to preserve a highly engineered super-selective active layer.  As a result, 
the membrane with high selectivity was prepared.  
 
 
 However, not much work has been done to investigate such effect on liquid 
separation especially on enzyme purification.  Although, a study on the purification 
of lysozyme from chicken egg white using hollow fiber ultrafiltration membrane has 
been done by Ghosh et al. (2000) and Ghosh and Cui (2000), but their study focus 
more on the effects of the process parameter.  The effects of transmembrane pressure 
(TMP) and cross-flow velocity have been investigated on membrane performance 
(permeate flux and productivity).  Therefore, this present study concentrates more on 
the development and optimization of membrane formation process in order to 
produce asymmetric hollow fiber ultrafiltration membrane for cyclodextrin 
purification.  
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1.3 Objectives of the Study 
 
 
Based on the above problem statement, the objectives of this study are as 
follows: 
 
 
1. To formulate polyethersulfone polymer solution in order to produce high 
performance asymmetric hollow fiber ultrafiltration membrane for 
cyclodextrin separation. 
 
2. To investigate the effects of fabrication conditions on membrane structures   
            and separation performance. 
 
3. To characterize hollow fiber membrane by using scanning electron  
            microscopy (SEM) and plane polarized infrared Fourier transform  
            spectroscopy.   
 
 
 
 
1.4 Research Scopes 
 
 
In order to achieve the above-mentioned objectives, the following scopes of 
study were outlined: 
 
 
1. Developing an optimum polymer solution and spinning condition for 
asymmetric hollow fiber ultrafiltration membranes. 
 
2. Studying the effects of dope extrusion rate (DER), bore fluid and polymer  
            concentration on membrane performance and morphology.  
             
3. Testing the produced membrane with distilled water, polyvinyl pyrrolidone   
            (PVP) K15, PVP K25, PVP K30 and cyclodextrin solution in order to  
            characterize the membrane in terms of flux and rejection. 
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4. Characterizing the structure and morphology of asymmetric hollow fiber   
            ultrafiltration membranes by using scanning electron microscopy (SEM). 
 
5. Measuring molecular orientation on the skin layer of asymmetric   
            hollow fiber membranes by using plane polarized infrared Fourier transform  
            spectroscopy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
